We attempt the linearization of N=1 SGM action describing the nonlinear supersymmetric(NLSUSY) gravitational interaction of superon(NambuGoldstone(N-G) fermion). We find that 80+80 field contents may give the offshell supermultiplet of the supergravity(SUGRA)-like linearized theory and they are realized explicitly up to O(ψ 2 ) as the composites, though they have modified SUSY transformations which closes on super-Poincaré(SP) algebra. Particular attentions are paid to the local Lorentz invariance in the minimal interaction.
In the previous paper [1] we have proposed superon-graviton model(SGM) of nature. SGM is obtained by extending the geometrical arguments of Einstein general relativity theory(EGRT) on Riemann spacetime to new (SGM) spacetime where the coset space coordinates ψ i (i = 1, 2, · · · , 10) of N =10 superGL(4,R) GL (4,R) turning to the N-G fermion degrees of freedom(d.o.f.) besides the ordinary Minkowski coordinate x a are attached at every Riemann spacetime point. The SGM action of a new EinsteinHilbert(E-H)-type [1] describes the NLSUSY [2] invariant gravitational interaction of N-G fermion superon in Riemann spacetime.
In the last article [3] we have discussed the linearization of the new E-H type action(N=1 SGM action) to obtain the equivalent linear(L) SUSY [4] theory in the low energy. We have pointed out that 80(bosons)+80(fermions) d.o.f. may give the off-shell supermultiplet of the linearized theory.
In this letter we would like to discuss further the the linearization of N=1 SGM. Considering a phenomenological potential of SGM, though qualitative and group theoretical, discussed in [5] based upon the composite picture of LSUSY representation and the recent interest in NLSUSY in superstring(membrane) world, the linearization of NLSUSY in curved spacetime may be of some general interest. Furthermore considering that the number of the (fundamental) particles in SUSY GUTs exceeds 160 and that they are embedded in 1 × 2 × 3 gauge structure, we are tempted to suppose a certain kind of a internal structure of these particles and/or the fundamental nature of spacetime itself which are encoded in the geometry of spacetime.
The linearization of SGM is physically interesting in general, even if it were a existing SUGRA-like theory, for the consequent broken LSUSY theory is shown to be equivalent and gives a new insight into the fundamental structure of nature.
For the self-contained arguments we review SGM action briefly. SGM action is given by [1] ;
where e a µ is the vierbein of EGRT, ψ is N-G fermion(superon), κ 4 = (
) −1 is the fundamental volume of four dimensional spacetime of V-A model [2] , and Λ is the small cosmological constant related to the strength of the superon-vacuum coupling constant. SGM posesses two mass scales, G −1 (Planck scale) and
. Ω is a new scalar curvature analogous to the Ricci scalar curvature R of EGRT, whose explicit expression is obtained by just replacing e a µ (x) by w a µ (x) in Ricci scalar R. These results can be understood intuitively by observing that w
where ω a is the NLSUSY invariant differential forms of V-A [2] , is invertible and s µν (x) ≡ w a µ (x)w aν (x) are a unified vierbein and a unified metric tensor in SGM spacetime [1] [6] . The SGM action (1) is invariant at least under the following symmetry [7] ; ordinary GL(4R), the following new NLSUSY transformation;
where ζ is a constant spinor and
ρ , the following GL(4R) transformations due to (3);
where
, and the following local Lorentz transformation on w a µ ;
with the local parameter
The local Lorentz transformation forms a closed algebra, for example, on e
where β ab = −β ba is defined by β ab = ǫ 2ac ǫ 1 
). They show the closure of the algebra. SGM action (1) is invariant at least under [7] [
which is isomorphic to SP whose single irreducible representation with N=10 gives the group theoretical description of SGM [5] .
The linearization of such a theory with a high nonlinearity is interesting and inevitable to extract physics. From the experience of the linearization of V-A model in flat spacetime we expect that we can carry out the linearization exactly and that we can obtain an equivalent local field theory which is renormalizable and describes the observed low energy (SM) physics.
The flat space linearization of N=1 V-A model has been carried out and proved that N=1 V-A model is equivalent to N=1 scalar supermultiplet [8] or N=1 axial vector gauge supermultiplet of linear SUSY [9] . As a flat space exercise for the extended SGM linerization, we have carried out the linearization of N=2 V-A model and shown that it is equivalent to the spontaneously broken N=2 linear SUSY vector J P = 1 − gauge supermultiplet model with SU(2) structure [10] . Interestingly SU(2) algebraic gauge structure of the electroweak standard model(SM) may be explained for the first time provided that the electroweak gauge bosons are the composite fields of this(SGM) type in the low energy. In these works the linearization are carried out by using the superfield formalism and/or by the heuristic and intuitive arguments on the relations between the component fields of LSUSY and NLSUSY. In either case it is crucial to discover the SUSY invariant relations which connect the supermultiplets of L and NL theories and reproduce the SUSY transformations. In abovementioned cases of the global SUSY in flat spacetime the SUSY invariant relations are obtained straightforwardly, for L and NL supermultiplets are well undestood and the algebraic structures are the same SP.
The situation is rather different in SGM, for (i) the supermultiplet structure of the linearized theory of SGM is unknown except it is expected to be a broken SUSY SUGRA-like theory containing graviton and a (massive) spin 3/2 field as dynamical d.o.f. and (ii) the algebraic structure (9) is changed into SP. Therefore by the heuristic arguments and referring to SUGRA we discuss for the moment the linearization of N=1 SGM.
At first, we assume faithfully to SGM scenario that; (i) the linearized theory should contain the spontaneously broken global (at least) SUSY (ii) graviton is an elementary field(not composite of superons coresponding to the vacuum of the Clifford algebra) in both L and NL theories (iii) the NLSUSY supermultiplet of SGM (e a µ (x), ψ(x)) should be connected to the composite supermultiplet (ẽ a µ (e(x), ψ(x)),λ µ (e(x), ψ(x))) for elementary graviton field and a composite (massive) spin 3/2 field of the SUGRA-like linearized theory.
From these assumptions and following the arguments performed in the flat space cases we require that the SUGRA gauge transformation [11] with the global spinor parameter ζ should hold for the supermultiplet (ẽ a µ (e, ψ),λ µ (e, ψ)) of the (SUGRAlike) linearized theory, i.e.,
where 
This relation (12) is the assumption (ii) and holds simply the metric conditions. Consequently the following covariant relation is obtained by substituting (12) into (10) and computing the variations under (3) [12] ;
(As discussed later these should may be considered as the leading order of the expansions in κ of SUSY invariant relations. The expansions terminate with (ψ) 4 .) Now we see LSUSY transformation induced by (3) on the (composite) supermultiplet (ẽ a µ (e, ψ),λ µ (e, ψ)). The LSUSY transformation onẽ a µ becomes as follows. The left-hand side of (10) gives δẽ
While substituting (13) into the righ-hand side of (10) we obtain
These results show that (12) and (13) are not SUSY invariant relations and reproduce (10) with unwanted extra terms which should be identified with the auxirialy fields. The commutator of the two LSUSY transformations induces GL(4R) with the field dependent parameters as follows;
). Onλ µ (e, ψ), the left-hand side of (11) becomes apparently rather complicated;
However the commutator of the two LSUSY transformations induces the similar GL(4,R);
These results indicate that it is necessary to generalize (10), (11) and (13) for obtaining SUSY invariant relations and for the closure of the algebra. Furthermore due to the complicated expression of LSUSY (17) which makes the physical and mathematical structures are obscure, we can hardly guess a linearized invariant action which is equivalent to SGM.
Now we generalize the linearization by considering the auxirialy fields such that LSUSY transformation on the linearized fields induces SP transformation.
By comparing (11) with (17) we understand that the local Lorentz transformation plays a crucial role. As for the local Lorentz transformation on the linearized asymptotic fields corresponding to the observed particles (in the low energy), it is natural to take (irrespective of (6)) the following forms
is a local parameter. In SGM the local Lorentz transformations (5) and (6), i.e. the local Lorentz invariant gravitational interaction of superon, are introduced by the geomtrical arguments in SGM spacetime [7] following EGRT. While in SUGRA theory the local Lorentz transfomation invariance (19) is realized as usual by introducing the Lorentz spin connection ω ab µ . And the LSUSY transformation is defined successfully by the (Lorentz) covariant derivative containing the spin connectionω ab µ (e, ψ) as seen in (11), which causes the super-Poincaré algebra on the commutator of SUSY and is convenient for constructing the invariant action. Therefore in the linearized (SUGRA-like) theory the local Lorentz transformation invariance is expected to be realized as usual by defining (19) and introducing the Lorentz spin connection ω ab µ . We investigate how the spin connectionω ab µ (e, ψ) appears in the linearized (SUGRA-like) theory through the linearization process. This is also crucial for constructing a nontrivial (interacting) linearized action which has manifest invariances.
We discuss the Lorentz covariance of the transformation by comparing (17) with the right-hand side of (11) . The direct computation of (11) by using the relations (12) and (13) under (3) produces complicated redundant terms as read off from (17) . The local Lorentz invariance of the linearized theory may become ambiguous and lose the manifest invariance. For a simple restoration of the manifest local Lorentz invariance we survey the possibility that such redundant terms may be adjusted by the d.o.f of the auxiliary fields in the linearized supermultiplet. As for the auxiliary fields it is necessary for the closure of the off-shell superalgebra to include the equal number of the fermionic and the bosonic d.o.f. in the linearized supermultiplet. As new NLSUSY is a global symmetry,λ µ has 16 fermionic d.o.f.. Therefore at least 4 bosonic d.o.f. must be added to the off-shell SUGRA supermultiplet with 12 d.o.f. [13] and a vector field may be a simple candidate.
However, counting the bosonic d.o.f. present in the redundant terms correspond-ing toω ab µ (e, ψ), we may need a bigger supermultiplet e.g. 16 + 4 · 16 = 80 d.o.f., to carry out the linearization, in which case a rank-3 tensor φ µνρ and a rank-2 tensor-spinor λ µν may be candidates for the auxiliary fields. Now we consider the simple modification of SUGRA transformations(algebra) by adjusting the (composite) structure of the (auxiliary) fields. We take, in stead of (10) and (11), δẽ (14), (16), (17) and (18) toward that of super-Poincaré algebra of SUGRA. We attempt the restoration of the manifest local Lorentz invariance order by order by adjustingΛ a µ andΦ µ . In fact, the Lorentz spin connection ω ab µ (e)(i.e. the leading order terms ofω ab µ (e, ψ)) of (21) is reproduced by taking the following oneΛ
where (16) holds. Accordinglyλ µ (e, ψ) is determined up to the first order in ψ as follows;λ
which indicates the minimal Lorentz covariant gravitational interaction of superon.
Sustituting (23) into (21) we obtain the following new LSUSY transformation of λ µ (after Fiertz transformations)
Remarkably the local Lorentz transformations ofλ µ (e, ψ) (,i.e. the second term) with the field dependent antisymmetric parametersǫ ab (e, ψ) is induced in addition to the intended ordinary global SUSY transformation. This shows that (23) is the SUSY invariant relations forλ µ (e, ψ), for the SUSY transformation of (23) gives the right hand side of (21) with the extra terms. Interestingly the commutator of the two LSUSY transformations on (23) induces GL(4R);
where Ξ ρ is the same field dependent parameter as given in (16) . (16) and (25) show the closure of the algebra on SP algebra provided that the SUSY invariant relations (12) and (23) are adopted. These phenomena coincide with SGM scenario [1] [5] from the algebraic point of view, i.e. they are the superon-graviton composite (eigenstates) corresponding to the linear representations of SP algebra. As for the redundant higher order terms in (24) we can adjust them by considering the modified spin connectionω ab µ (e, ψ) particularly with the contorsion terms and by recasting them in terms of (the auxiliary field d.o.f.)Φ µ (e, ψ). In fact, we found that the following supermultiplet containing 160 (= 80 bosonic + 80 fermionic) d.o.f. may be the supermultiplet of the SUGRA-like LSUSY theory which is equivalent to SGM; for 80 bosonic d.o.f.
[ẽ a µ (e, ψ), a µ (e, ψ), b µ (e, ψ), M(e, ψ), N(e, ψ),
and for 80 fermionic d.o.f.
where α = 1, 2, 3, 4 are indices for Majorana spinor. The gauge d.o.f. of the local GL(4R) and the local Lorentz of the vierbein are subtracted. Note that the second line of (26) is equivalent to an auxiliary field with spin 3. The a priori gauge invariance forλ µα (e, ψ) is not necessary for massive case [14] corresponding to the spontaneous SUSY breaking. For it is natural to suppose that the equivalent linear theory may be a coupled system of graviton and massive spin 3/2 with the spontaneous global SUSY breaking, which may be an analogue obtained by the super-Higgs mechanism in the spontaneous local SUSY breaking of N=1 SUGRA [15] . By continuing the heuristic arguments order by order referring to the familiar SUGRA supermultiplet we find the following SUSY invariant relations up to O(ψ 2 ):
In fact we can show that the following LSUSY transformations on (26) and (27) inuced by NLSUSY (3) close among them(80+80 linearized multiplet). We show the explicit expressions of some of the LSUSY transformations up to O(ψ).
where ǫ ab is the Lorents parameter and we put ǫ ab = ξ ρ ω ab ρ . δB µ and δB a µ are similar to δA µ and δA a µ respectively and omitted for simplicity. In the right-hand side of (40) , Λ ′a µ does not appear in the right-hand side of (40) and δB a µ . As a result, the LSUSY transformation on the supermultiplet (26) and (27) are written by using the supermultiplet itself at least at the leading order of superon ψ. The higher order terms remain to be studied. However we believe that we can obtain the complete linearized off-shell supermultiplets of the SP algebra by repeating the similar procedures (on the auxiliary fields) order by order which terminates with ψ 4 . It may be favorable that 10 bosonic auxiliary fields, for example a µ (e, ψ), b µ (e, ψ), M(e, ψ), N(e, ψ) are arbitrary up now and available for the closure of the off-shell SP algebra in higher order terms.
Finally we mention the systematic linearization by using the superfield formalism applied to study the coupled system of V-A action with SUGRA [16] . We can define on such a coupled system a local spinor gauge symmetry which induces a super-Higgs mechanism [15] converting V-A field to the longitudinal component of massive spin 3/2 field. The consequent Lagrangian may be an analogue that we have anticipated in the composite picture but with the elementary spin 3/2 field. Developing the superfield formalism [17] on SGM spacetime may be crucial for carrying out the linearization along the SGM composite scenario, especially for N > 1. The linearization of SGM action (1) with the extra dimensions, which gives another unification framework describing the observed particles as elementary fields, is open. And the linearization of SGM action for spin 3/2 N-G fermion field [18] (with extra dimensions) may be in the same scope. 4 , which can be anticipated by the systematics emerging in the present study, needs specifications of the auxiliary fields and remains to be studied. The details will appear separately [19] .
